Abstract -Novel procedures of constructing heterocycles are described which employ palladium catalyzed intramolecular addition of amino or hydroxyl group to an acetylene bond as a key reaction. Pyrroles and furans are prepared from l-amino-3-alkyn-2-ols and 3-alkyne-l,2-diols, respectively. Successive addition of two hydroxyl groups to one acetylene bond gives various types of acetals. Insect pheromones containing intramolecular acetal linkage are produced by applying this reaction.
INTRODUCTION
Ilydration of unactivated acetylenes to form ketones has found considerable synthetic use (Ref. 1) . Terminal acetylenes almost invariably yield methyl ketones. Regioselective hydration of internal acetylenes stems from anchimeric assistance (Ref. 2, 3) and intramolecular reaction of hydroxyl group to acetylene bond plays a key role to synthesize prostacyclin (Ref. 3, 4) . The above described reactions are usually catalyzed by mercuric salts. Intramolecular addition of protic group such as amino and hydroxyl to carbon carbon triple bond seems to be promising to construct venous kinds of heterocycles. Studies on the subject utilizing palladium catalyst are described in this paper.
INTRAMOLECULAR ADDITION OF HYDROXYL OR AMINO GROUP TO ACETYLENES
Palladium(II) species have been found to be effective to the intramolecular addition of hydroxyl across acetylenes. Regioslelctivity of the reactions is illustrated by the cases of 3-, 4-, and 5-alkyn-l-ols. Reactions are carried out in anhydrous ether utilizing PdCl2(PhCN)., as catalyst (condition A) or in aqueous acetonitrile utilizing PdC12 as catalyst (condition B). Under condition A, 3-decyn-l-ol cyclizes in 5-Endo-Dig manner giving dihydrofuran 2 as a predominant product. Reaction under condition B gives exclusively hydroxy ketone 3 which is the hydrolyzed product of 2.
CH3(CH2)5CECCH2CH2OH
CH ( 5-Undecen-l-ol cyclizes in 6-Exo-Dig manner and gives dihydropyran 5 and its hydrolyzed hydroxy ketone 6.
CH3(CH2)4CEC(CH2)40H
+ CH3(CH2)5C(CH2)40H 
>95%
In contrast to the above reactions, 4-undecyn-l-ol predominantly cyclizes in 6-Endo-Dig manner under condition A, whereas 5-Exo-Dig cyclization is preferable under condition B giving 1-hydroxy-4-undecanone as the major product.
CH3(CH2)5CEC(CH2)30H Results shown in eq. 1 -3 suggest that dihydrofuran and dihydropyran derivatives are easily prepared from 3-alkyn-l-ols and 5-alkyn-l-ols, respectively, by the catalytic action of PdCl2(PhCN)2 in ether (condition A). Easy access to 1,4-dicarbonyl compounds from 3-alkyn-l-ols or 4-alkyn-l-ols and 1,5-dicarbonyl derivatives from 4-alkyn-l-ols or 5-alkyn-1-ols is also suggested. Preparation of dihydrojasmone from the corresponding alkynol is illustrative of the utility (eq. 4).
1) EtMgBr
2) r. 
CH3(CH2)5CCCH2CH2NH2
,-
The above described reaction is applied to cyclic systems. Orientation of the addition depends upon the stereochemistry of the starting material. -_(CH2)4CH3 (7) 19 (90%)
(47%) SYNTHESIS OF PYRROLES AND FURANS
Pyrroles. Pyrrole ring can be constructed by the application of the above described intramolecular addition of amino group to acetylene bond. One general scheme is presented as follows:
Reaction of 4-undecyn-2-one (22, R1 = CH (CH R2 = CH3, 
CECCH2CH3
CH3NH2 cJ[11 (10) e) The obtained product was 29 (R = H, R = CH3CH2).
Cyclization using various different metal salts as catalysts was examined. Results are given in Table 2 . (12) Furans. Analogous to the above described pyrrole synthesis, furans are prepared from ,y-acetylenic ketones (eq. 13) or 2-methoxy-3-alkyn-l-ols (eq. 14). Combinations of the starting material, reaction conditions, and the yield of furan 35 are summarized in " " 
SYNTHESIS OF PHEROMONES WITH INTRAMOLECULAR ACETAL LINKAGE
Intramolecular addition of hydroxyl group to an acetylene bond suggests that intramolecular acetals could be prepared from acetylenes containing two hydroxyl groups at appropriate positions by successive addition of two hydroxyl groups to one acetylene bond. The observation that alcohols add to dihydropyran under the catalytic action of PdC12(PhCN)2 affording dihydropyranyl ethers (Ref. 7) indicates the reactions shown in scheme 1 is promising. c: dihydropyran, H+; EtMgBr; oxirane; H20, H+.
As can be seen from eq. 16, acetylene walk from internal to terminal is a poweful tool to construct acetylenes shown in 
